Objective: Adrenal venous sampling (AVS) is the most reliable test to distinguish between unilateral and bilateral primary aldosteronism (PA). However, AVS is invasive, risky, and expensive, and alternative diagnostic methods are desirable. This study aimed to investigate the diagnostic power of saline infusion test (SIT) to distinguish between unilateral and bilateral PA.
Introduction
Primary aldosteronism (PA) is currently considered to be the most frequent cause of secondary hypertension [1, 2] . To screen for PA, the plasma aldosterone to renin ratio (ARR) is assessed in hypertensive patients [3] . If the ARR is higher than normal limits, confirmatory tests are requested, such as captopril challenge test (CCT), saline infusion test (SIT), fludrocortisone suppression test, and oral sodium loading test.
The Endocrine Society advocates the use of the four confirmatory tests in their clinical practice guidelines for PA. A conclusive diagnosis of PA is reached based on at least one positive test result [3, 4] . The Japan Endocrine Society proposes the use of three confirmatory tests, that is, CCT, SIT, and furosemide plus upright test (FUT) [5] . Based on these guidelines, two positive test results are needed for diagnosis.
There is no consensus whether any confirmatory test is a gold standard for diagnosis.
After PA is diagnosed, the subtype should be identified in order to select the appropriate treatment for PA: surgical or medical treatment. In aldosterone-producing adenoma (APA) patients, hypersecretion of aldosterone is usually one-sided, that is, from one of the adrenal glands [6] . In patients with idiopathic hyperaldosteronism (IHA), hypersecretion is usually from both adrenal glands. Currently, adrenal venous sampling (AVS) is the most reliable test to distinguish between unilateral and bilateral PA [7, 8] . To identify patients with PA, AVS is a reliable but invasive, risky, and costly procedure.7 Therefore, alternative diagnostic methods are needed. A new guideline of the Endocrine Society recommends medical treatment without AVS if a patient is unable or unwilling to undergo surgery [4] .
Küpers et al. proposed a clinical prediction score to diagnose unilateral PA. Their results suggest that AVS can be omitted in patients with a typical APA of at least 8 mm on computed tomography (CT), hypokalemia, and/or a high estimated glomerular filtration rate (eGFR) [9] .
Arteaga et al. reported that SIT was useful for the differentiation of patients with APA from those with IHA [10] . Nanba et al. proposed that the shortened SIT be used to predict unilateral PA in Japanese patients [11] . Nevertheless, both these studies involved small patient populations.
The present study was performed to test whether the standard SIT has good diagnostic power for distinguishing between patients with unilateral and bilateral PA. To examine this hypothesis, we determined the best cut-off value to evaluate the diagnostic efficiency of SIT.
Patients and Methods

Patients
We retrospectively analyzed hypertensive patients with elevated ARR [>20; PAC in ng/dl and plasma renin activity (PRA) in ng/ml/h] (n=323) who were admitted to the Department of Endocrinology, Diabetes and Metabolism of Hirosaki University School of Medicine and Hospital from 2008 to 2016.
Before determination of ARR, mineralocorticoid receptor blockers, diuretics, beta-adrenergic blockers, angiotensin converting enzyme inhibitors and angiotensin receptor blockers were withdrawn for at least 2 weeks. These drugs should be changed to other drugs such as calcium channel blockers and alpha-adrenergic blockers. According to the Japanese guidelines, all of the patients had at least two of the three confirmatory tests for diagnosis of PA (CCT, SIT, or FUT). In this study, we re-evaluated the diagnosis of PA by CCA or FUT only. Overall, 295 patients had at least one positive test result of CCA or FUT, while 28 had negative results for all two tests. Of the 295 patients with positive test results, 278 underwent AVS, while the remaining 17 patients did not undergo AVS because they opted against surgery. AVS was successfully performed in 209 patients. This study involved 111 patients who underwent both SIT and successful AVS ( Figure 1 ).
Hypokalemic patients were given adequate oral potassium supplements before SIT to maintain serum potassium levels higher than 3.0 mmol/L. SIT was not performed in patients with severe uncontrolled hypertension, cardiac arrhythmia, and cardiac or renal insufficiency. The study was approved and registered as an institutional case-notes review at the Institutional Review Board of Hirosaki University School of Medicine and Hospital (Registration No. 2015-252).
Saline infusion test
Patients were administered an intravenous drip infusion of 2 L of 0.9 NaCl over 4 h. After infusion, the PAC (Post-PAC) was measured [5, 12] .
Adrenal venous sampling
AVS was performed by expert radiologists to diagnose whether a unilateral or bilateral aldosterone-producing lesion was present. AVS was performed with cosyntropin infusion, as previously reported [13] . The lateralized ratio (LR) was calculated as (adrenal venous blood aldosterone/cortisol ratio on the high-value side)/(adrenal venous blood aldosterone/cortisol ratio on the low-value side). The contralateral ratio (CLR) was also calculated as (adrenal venous blood aldosterone/cortisol ratio on the low-value side)/(venous blood aldosterone/cortisol ratio in the inferior vena cava). 
Statistical analysis
All the data are presented as medians with interquartile ranges. We used Mann-Whitney's U Test to compare medians between unilateral and bilateral groups. P<0.05 was considered to indicate statistical significance.
Spearman's rank-order correlation analysis was used to examine the relationship between the clinical parameters and LR.
A multiple regression analysis was performed for correlation between LR as a dependent variable and clinical parameters including Post-PAC as independent variables. Because the data had a nonnormal distribution, logarithmic conversion was carried out. Factors with P values less than 0.05 on univariate analyses were considered for inclusion in the model, and forward selection and backward elimination methods were used to choose the explanatory variables.
The diagnostic accuracy of the SIT for differential diagnoses between bilateral and unilateral PA groups was assessed using the receiver operating characteristic (ROC) curve and the area under the ROC curve (AUC ROC ).
Results
Characteristics of the study population
We classified all the patients with PA in one group had LR over 4.0 (group H) or the other group (group L). The clinical characteristics of the two groups are summarized in Table 1 . The number of patients of group L was higher than that of patients of group H. Age, height, body weight, and body mass index showed no significant differences between the two groups. Serum potassium levels were significantly lower in patients of group H than in those of group L. Basal PAC levels and ARR in patients of group H were higher than those in patients of group L. Post-PAC values were significantly higher in patients of group H than in those of group L. 
Univariate and multiple regression analyses of continuous variables for LR
Univariate correlation analysis between each continuous variable and LR was performed ( Table 2 ). Serum potassium, basal PAC, basal ARR, and Post-PAC ( Figure 2 ) were positively correlated with LR, whereas eGFR was not. To further examine whether these parameters were associated with LR, stepwise multiple linear regression analysis was performed. Post-PAC and serum potassium levels were independently associated with LR among the factors analyzed (Table 3) .
Variables
Correlation coefficient P value
Diagnostic accuracy of SIT
The Post-PAC values were significantly lower in group L than in group H (Figure 3 ). We analyzed the diagnostic accuracy of the SIT for differential diagnosis between patients with group L and group H. AUC ROC was approximately 0.9, and the optimal cut-off value of Post-PAC was <9.3 ng/dl. These results showed a sensitivity of 76% and specificity of 94%, respectively (Figure 4) . The Youden index identified the same optimal cut-off value. Figure 4 : Receiver operating characteristic curves for plasma aldosterone concentrations after saline infusion tests (Post-PAC) for differential diagnosis between group L and group H.
Discussion
After a diagnosis of PA, the subtype should be identified. While AVS is the most reliable test to distinguish between unilateral and bilateral PA and is used to make management decisions [7, 12] , AVS is an invasive, risky, and costly procedure [7, 9] . The need for an alternative diagnostic method has posed a challenging problem in this field.
Küpers et al. proposed a clinical prediction score to diagnose unilateral PA [9] . Their results suggest that AVS could be omitted in patients with a typical APA measuring at least 8 mm, with serum potassium levels <3.5 mmol/L and/or eGFR of at least 100 ml/min/1.73 m 2 . In our findings, serum potassium levels were also positively correlated with LR by univariate correlation analysis. In contrast, eGFR was not correlated with LR. Riester et al. reported that the prediction score proposed by Küpers et al. has high accuracy only in young patients but cannot substitute for AVS in elderly patients [14] . Furthermore, in the present study, stepwise multiple linear regression analysis revealed that Post-PAC of SIT and serum potassium levels were independently associated with LR among the analyzed parameters.
Some papers have reported that confirmatory tests for PA are useful for distinguishing between unilateral and bilateral PA. Jiang et al. reported that the ACTH stimulation test with 1 mg dexamethasone was useful for differentiating patients with unilateral PA from patients with bilateral PA [15] . We reported that ACTH stimulation test suggest that there is a high likelihood of laterlizing on AVS [16] . Arteaga et al. reported that SIT and CT scan were useful in the differentiation of patients with APA from those with IHA [10] . They evaluated 20 patients with PA, 14 patients with APA who were surgically treated, and 6 patients with IHA. In the SIT method used in their study, the patients were administered 1.25 L of 0.9% saline solution over 2 h. They reported that after infusion, a PAC/cortisol ratio of <2.2 was diagnostic of IHA. On the other hand, Magill et al. reported that CT imaging was unreliable for the differentiation of PA and that AVS was essential to identify the PA subtype [17] .
Nanba et al. [11] reported the shortened SIT method, wherein patients were administered 2 L of 0.9% saline solution over 4 h as usual; they proposed that PAC at 2 h would be more useful for predicting unilateral PA. They evaluated 39 patients with PA, including 18 patients with unilateral PA and 21 patients with bilateral PA. In their paper, the optimal cut-off value of PAC at 2 h was greater than 119 pg/ml and the AUC ROC was about 0.89, with a sensitivity of 89% and specificity of 81%. Recently, the importance of SIT as a confirmatory test for PA has become controversial. Weigel et al. reported that SIT was the most widely used confirmatory test for PA in Germany, due to practicability, costs, and compliance [18] . On the other hand, Nanba et al. investigated the diagnostic significance of confirmatory tests in Japanese hypertensive patients [12] and reported that the positive rate on SIT was low, being <65%. Li et al. reported that PAC after SIT remained higher than 5 ng/dl in a great majority of Chinese patients with essential hypertension as well as in healthy subjects [19] . Thus, it seems that SIT lacks adequate efficacy as a confirmatory test for PA but has diagnostic power for differentiation of PA subtypes in Asian patients.
In the present study, we found that standard SIT was useful for differentiating between patients with low LR and high LR in a larger population of patients than those assessed in the two above-mentioned papers concerning SIT [10, 11] . The optimal cut-off value of Post-PAC was <9.3 ng/dl, with a very high accuracy for the diagnosis of low LR patients. Our findings suggest that AVS can be omitted in patients with Post-PAC <9.3 ng/dl in standard SIT. For these patients, medical treatment may be selected directly without further invasive tests. Patients with Post-PAC of 9.3 ng/dl and above in standard SIT are likely to have unilateral PA; therefore, AVS is needed for these patients. Omitting AVS for approximately half of the patients with PA based on SIT results may enable a reduction in the risks and costs of the timeconsuming AVS procedure.
Some limitations of our study should be mentioned. This study was a retrospective analysis, and recall bias cannot be excluded. In order to diagnose PA in our patients, we used the diagnostic criteria of Japanese guidelines for Japanese patients. Additional studies are needed for clarifying the usefulness of the standard SIT in other populations. Recently, a French group reported that SIT had a good predictive value for unilateral PA; however, 30% of patients with Post-PAC <5 ng/dl in SIT had unilateral secretion of aldosterone by AVS results [20] . These results disagree with our findings, that is, the PAC after SIT was over 9.3 ng/dl in almost all patients (94%) with high LR in our study. The reason underlying this difference may be the use of different AVS methods in the two studies and the presence or absence of ACTH stimulation [21] . While we used the cut-off value of the LR that was at least 4.0, more permissive cut-off value of LR was used in many previous studies. Because Umakoshi et al. reported that such permissive cut-off values could be seen even in non-PA patiets [22] , we used a cut-off value of LR with a high specificity for unilateral PA patients.
Considering our findings alone, approximately 6% of patients with high LR would not undergo AVS and subsequent surgical treatment. Recently, Dekkers et al. reported that treatment of PA based on CT scan or AVS findings did not show significant differences in the intensity of medical treatment or clinical benefits [23] . Combining the results of serum potassium levels and imaging examinations such as CT with SIT might be a potential strategy for differentiating between patients with unilateral and bilateral PA.
In conclusion, standard SIT was useful for distinguishing between patients with low LR and high LR. Post-PAC of SIT and serum potassium levels were closely related to LR than other parameters, including eGFR. For the diagnosis of patients with low LR, the optimal cut-off value of Post-PAC was less than 9.3 ng/dl. Accordingly, combining the results of serum potassium levels and imaging examinations with SIT might be a potential strategy for PA subtypes.
